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Abstract 
  Recent LIDAR research at USU found a noctilucent cloud 
(NLC) near the minimum of a large-amplitude 
temperature wave in the upper mesosphere. Such a  
large-amplitude wave had not been seen previously.  
Initial analysis suggested that this wave might be related 
to the diurnal tide, but greatly amplified.  This research 
set out to learn whether these waves are a common 
feature.  Large waves or temperature “bumps” exceeding 
10 K were found in more than half the observations.  A  
later stage will be to see if they are linked to the  tides.  
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  The Rayleigh-scatter lidar at the Atmospheric 
Lidar Observatory (ALO) at Utah State 
University has gathered atmospheric data 
from the mesosphere (or 45 to 90 km) from 
August 1993 through 2004.  In 1999, a rare 
noctilucent cloud (NLC) was observed.  After 
searching the existing data, another NLC was 
discovered, having occurred in the early 
morning of June 22, 1995.   
  Large-amplitude temperature waves were initially believed to be a rare occurrence.  However, 
after searching through the data, an estimated 60% of the nights contain large-amplitude 
waves or temperature “bumps.”  The data obtained on February 13 and 16, above, suggest that 
these waves are more complex than a simple amplification of the tides. More systematic 
analyses are underway to characterize the occurrence, vertical wavelength, and phase of  
these waves as function of season.  One-hour temperature integrations, instead of all-night 
integrations, will be used to determine if these waves are propagating and at what speed.  The 
hope is still to relate these waves to other known phenomena.  
 
  Noctilucent “night-shining” clouds are 
typically observed during the summer 
months at altitudes between 80 and 86 km 
and at latitudes greater than 50° (USU is at 
41.7°).  An NLC is normally observed after 
twilight, when the sun has dropped below 
the horizon.  NLC’s occur so high that 
sunlight can still reflect off them, while other 
clouds remain dark (see NLC diagram). 
  The temperatures corresponding to the NLC discovered in 1995, were deduced from 
the lidar data and a large-amplitude temperature wave was found.  The NLC sits at the 
minimum of this temperature wave.  This was the first time that this type of temperature 
wave has been seen.  The ALO database is now being searched for other large-
amplitude temperature waves.  How often do these waves occur and can they be 
related to known phenomena such as tides and planetary waves? 
 
  To discover these large-amplitude temperature waves, we took the temperature difference between a 
given night’s average temperature profile and the 11-year temperature average.  The 11-year average 
included a 31-day average centered on the given night.  The Monthly Multi-Year Average plot shows the 
monthly temperature profiles averaged over those 11 years.  (In the bottom half, it also shows warmer 
temperatures in summer than in winter, as expected.  However, in the upper half, it shows warmer 
temperatures in winter than in summer.)  The amount of data taken over 11 years at ALO provides a 
credible average to work with.  We have plotted the temperature difference and have been looking for 
any waves with amplitudes greater than 10 K.  It was believed that these waves are somewhat rare.  
The large-amplitude temperature waves found will be analyzed, looking for any correspondence to 
seasonal changes, tides, planetary waves, or any other known phenomena. 
  This is the night when the first large-amplitude temperature wave was 
discovered along with an NLC.  This is not a plot of the nightly average. 
Rather, this plot includes the time periods before, during and after the NLC 
appeared.  It also shows the 11-year, multi-night average.  Finding these 
large-amplitude waves on this night was the inspiration for this research. 
  On June 12th, we can see a summer inversion layer.  From the temperature 
difference plot, we see that all is as it should be (agrees with the average) 
until about 69 km, where the temperature increases sharply  making a 
“bump” and then returns to normal by 79 km.   
  On Feb. 13th and 16th, very significant waves were observed.  However, the 
waves are nearly 180° out of phase.  This is a very large phase difference for 
only a 3-day separation.  This suggests that more is behind these waves 
than the amplification of tides, which don’t have such dramatic phase 
changes. 
  On Aug. 20th, the temperatures are very similar to those found on June 22, 
1995.  A minimum occurs at about 83 km, a maximum at about 71 km, and 
smaller-scale wave activity at lower altitudes. However, no NLC was found 
on this night.  
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